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In vertebrates, the segmented somites, which are the medial-most component in the paraxial mesoderm, are the entity
giving rise to the axial bones and skeletal muscles. We previously demonstrated that the mechanism that distinguishes the
somite from the more lateral mesoderm (lateral plate) involves different levels of BMP-4 activity which is highest in the
lateral plate. We report that Noggin, an antagonist of BMP-4, is expressed in the presumptive somite and appears to control
effective levels of BMP-4 to differentiate somitic mesoderm from the lateral plate. When Noggin-producing cells were
implanted into the presumptive lateral plate, they produced ectopic somites that were respecified from the lateral plate
precursors. These somites exhibited no mediolateral (M–L) polarity, but acquired it when implanted Noggin was eliminated.
Thus, in normal embryogenesis no or low BMP-4 activity realized by Noggin specifies the somites in the medial-most
portion of the paraxial mesoderm, and then BMP-4 emanating from the lateral plate subsequently establishes the M–L
polarity in the somites. © 1998 Academic Press
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INTRODUCTION
During early developmental processes in vertebrates,
the somites arise in the medial-most portion of the
paraxial mesoderm located by the notochord, and at later
stages they give rise to a variety of axial structures
including the vertebral cartilages and ribs, and all the
skeletal muscles in the trunk. When the somitic meso-
derm emerges from the primitive paraxial mesoderm, the
latter also generates the lateral plate mesoderm that is
eventually positioned lateral to the somites. Thus, a
contiguous structure of the mesoderm along the prospec-
tive mediolateral (M–L) axis differentiates two distinct
subtypes, somites and the lateral plate, with a sharp
morphological boundary between them (Catala et al.,
1996; Schoenwolf et al., 1992) (see also Fig. 1B). Subse-
quently, as the somites undergo segmentation in an
anteroposterior (A–P) order, they acquire the M–L polar-
ity within them that seems to be crucial for patterning
the somite-derived tissues at later stages (Ordahl and Le
Douarin, 1992). The lateral plate gives rise to the ventral
region of the body structure. Thus, the original M–L axis
can also be referred to as the dorsoventral (D–V) axis. We
have been studying mechanisms that differentiate dis-
tinct tissue subtypes from the primitive paraxial meso-
derm along the M–L axis. We recently reported that
different levels of bone morphogenetic protein-4 (BMP-4;
TGFb family) activity control the M–L subdivision of the
mesoderm: a high level produces the lateral plate
(Tonegawa et al., 1997), whereas a medial and a low level
(or none) determine the lateral and the medial portion of
the somite, respectively (Pourquie et al., 1996; Tonegawa
et al., 1997). However, the mechanisms that control
these differential levels of BMP-4 are unknown. It was
reported that Noggin, a secreted protein originally dis-
covered as a dorsalizer in Xenopus (Smith and Harland,
1992), antagonizes BMP-4 activity (Zimmerman et al.,
1996). We reasoned, therefore, that Noggin is a strong
candidate molecule that controls somitogenesis by se-
questering the BMP-4 activity.
In this study, we investigated the roles of Noggin in
somitogenesis. Noggin mRNA is expressed in the pre-
sumptive somitic region, whereas BMP-4 is distributed in
a wider region including the ectoderm and mesoderm. To
test the possibility that a reduction of BMP-4 activity by
Noggin is important for the specification of the somitic
mesoderm, we implanted Noggin-expressing cells into
the lateral plate-fated region in the primitive paraxial
mesoderm. This manipulation resulted in ectopic forma-
tion of the somites that contained the cells respecified
from the presumptive lateral plate. Thus, an abrupt
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reduction of BMP-4 by Noggin activity specifies the
somitic mesoderm. We also demonstrate evidence that,
after the somitic region has been specified, the M–L
polarity in the somite is established by the effect of
BMP-4 that emanates from the lateral plate. We propose
a model in which Noggin controls production of different
levels of BMP-4 activity which, in turn, differentiate
distinct subtypes of the mesoderm along the M–L axis.
MATERIALS AND METHODS
In Situ Hybridization, COS Cell Transfection, and
Embryonic Microsurgery
These techniques were performed as described previously (Taka-
hashi et al., 1996; Tonegawa et al., 1997). Xenopus Noggin cDNA,
provided by Dr. Y. Sasai (Kyoto), that covers the entire coding
region was subcloned into pCDM8-derived COS-expression vector
containing the elongation factor promoter (Takahashi et al., 1996;
Tonegawa et al., 1997), and 1 mg of the plasmid was used for
COS-cell transfection.
Probes
Chicken Noggin (DDBJ/EMBL/GenBank Accession No. AB
013493): a 510-bp fragment of the cDNA was obtained by the
RT-PCR technique from 2-day embryos, using degenerate oligo
DNAs, 59-GA(CT)CC(CTGA)AA(AG)GA(GA)AA(AG)GA(CT)-39
and 59-(AG)CA(ACGT)(CG)(AT)(AG)CA(CT)TT(AG)CA(CT)TC-39
as primers. Probes for in situ hybridization of Pax 3, Pax 1, cSim 1,
cytokeratin, and MyoD were as described previously (Tonegawa
et al., 1997). Sox 2 was a 551-bp fragment provided by Dr. H.
Kondoh (Osaka). Pax 2 was a 216-bp fragment within the paired
domain given by Dr. A. Kawakami (Nagoya). A fragment of
Paraxis cDNA was obtained according to database Accession
No. U72641 using the following primers: for the 59 end, 59-CGC-
GTGCTTTACCCCGA-39; for the 39 end, 59-CCAGCACTTCA-
GCGAGA-39.
RESULTS
Noggin mRNA Is Expressed in the Presumptive
Somitic Mesoderm
We obtained a fragment of chicken Noggin cDNA
(cNoggin) that displays a high homology with the Xeno-
pus homolog (Fig. 1A and see Materials and Methods).
cNoggin cDNA sequences that we confirmed at least 10
times correspond to those of Xenopus Noggin cDNA
encoding the amino acids at positions 54 –222. Our cNog-
gin sequences are almost identical to those recently
reported (Connolly et al., 1997) except for several amino
acid residues: for instance, we found two amino acids (W
and L) at the position corresponding to 138 –139 of the
xNoggin, whereas they are absent in their report. We used
cNoggin cDNA as a probe for in situ hybridization to
examine the expression pattern during early embryonic
stages. At stage 8 (4 to 6 somites), Noggin mRNA is
expressed in two prominent regions, the notochord and
the one posterior to Hensen’s node (Fig. 1C). The latter
region was observed in histological sections to contain
the mesodermal cells underlying the ectoderm that was
negative for Noggin (Fig. 1, C-3). At this stage the
prospective M–L axis of the mesoderm in the vicinity of
the Noggin-positive area resides along the A–P axis (Fig.
1B). Accordingly, the Noggin-expressing mesoderm is
known to give rise to the somites (Catala et al., 1996)
(and also see Fig. 1B), and we confirmed this by the
quail– chick cell labeling technique (data not shown).
BMP-4 mRNA is, in contrast, expressed in wider regions
that appear to participate in the lateral body structures
(Fig. 1D) as reported previously (Watanabe and LeDoua-
rin, 1996). In the region posterior to the Hensen’s node,
the BMP-4 signal is profoundly localized in the ectoderm
which appears to give rise to the epidermis and also in a
restricted population of the mesoderm with a low inten-
sity (Fig. 1, D-3). The latter region partially overlaps the
Noggin-positive presomitic area (Fig. 1, compare C-3 with
D-3). A low signal for BMP-4 was also observed in a
restricted region of the endoderm just underneath the
Hensen’s node. A representative expression pattern of
Noggin and BMP-4 that partially overlap each other is
depicted in a diagram (Fig. 1, bottom right).
At stage 14 (20 somites) Noggin mRNA is expressed in
the lateral border of the segmental plate (Fig. 1E). As the
somite stage proceeds, Noggin signal is detected in the
lateral and medial portion of a young and old somite,
respectively (Fig. 1E). Noggin mRNA is also localized in the
notochord and the roof plate of the neural tube.
Ectopic Noggin Produces Somites in the Lateral
Plate
BMP-4 above a threshold level produces the lateral
plate tissue even in the somitic area (Tonegawa et al.,
1997). We therefore hypothesized that Noggin expressed
in the prospective somitic region would antagonize
BMP-4 to produce somites. To test this possibility, we
implanted an aggregate of COS cells producing Xenopus
Noggin (Nog/COS) into the region that we confirmed to
be the presumptive lateral plate at stage 4 to stage 8 (Fig.
3A), anticipating somitic respecification of the lateral
plate. BMP-4-antagonizing activity of Noggin produced
by COS cells was confirmed by the fact that Nog/COS
cells aggregated with BMP-4/COS cells neutralized the
effect of the latter which would otherwise abolish a
somite marker, Pax 3, when implanted into the pre-
somitic region (Tonegawa et al., 1997) (Fig. 2). Implanta-
tion of a Nog/COS aggregate into the presumptive lateral
plate resulted in production of somitic tissues in the
original lateral plate territory (Fig. 3). These ectopic
somites were composed of either supernumerary spheri-
cal pieces (34 of 71) or a laterally extended portion of the
normal somites (33 of 71). The implanted COS aggregate
was often localized in the vicinity of and slightly poste-
rior to the affected somites (Fig. 3B).
The Noggin-produced somites not only exhibited the
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FIG. 1. (A) Comparison of amino acid sequences between chicken and Xenopus Noggins. A fragment of chicken cDNA obtained in this
study corresponds to the Xenopus Noggin stretching from 54th to 222nd amino acid of the sequence. (B) A diagram showing a stage 8
embryo. The blue region represents the presumptive somitic mesoderm that migrates anterolaterally, whereas the pink region is the
prospective lateral plate that migrates lateral to the somitic mesoderm. (C) Expression of cNoggin mRNA at stage 8. The bracket shows the
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morphology characteristic of the somite but also expressed
early somite markers: Pax 3 (Fig. 3B) and Paraxis (Figs. 3C
and 4A) for the dermomyotome, and also MyoD (Figs. 5A
and 5B) for the myotome (Barnes et al., 1997; Pourquie et
al., 1996; Sosic et al., 1997). Moreover, one specimen
exhibited the ectopic somites with segmentation in register
with the normal ones along the A–P axis (Fig. 3B). These
effects were dependent on Noggin expression since control
COS cells had no such effects (Fig. 3E). We did not detect an
appreciable effect upon Nog/COS implantation at stage 8
into more posterior regions which are destined for a more
lateral mesoderm, or into the lateral plate at stage 14 (data
not shown).
To study whether the Noggin-induced somites were
derived from the lateral plate precursors, we transplanted a
homotypic quail tissue (presumptive lateral plate) into the
implantation site of Nog/COS. We found the quail cells
localized in the surplus somites (Figs. 3C and 3D). In
contrast, when control COS cells were implanted, the
grafted quail cells were located only in the lateral plate
mesoderm as the fate map had already shown (Figs. 3E and
3F) (Catala et al., 1996). Thus, Noggin respecified the
presumptive lateral plate to the somite.
In histological sections these ectopically formed somites
displayed an epithelial structure characteristic of the der-
momyotome and mesenchymal cell population of the sclero-
tome (Fig. 3C). Nog/COS did not produce ectopic formation
of the notochord. Accordingly, Pax 1 expression that nor-
mally requires the notochord-derived signals (Fan and
Tessier-Lavigne, 1994; Johnson et al., 1994) was not de-
tected in the sclerotomal mesenchyme of the surplus
somites (n 5 8; Figs. 4D and 4E).
We also examined formation of other tissues after
Nog/COS graft. Neural tissues, examined by Sox 2, were
not ectopically formed (Fig. 4B). Since Noggin has been
known to neuralize the ectoderm before gastrulation in
frog embryos, no ectopic formation of the neural tissue in
this study seems to be because the epidermis has already
FIG. 2. Antagonizing activity of Noggin produced by COS cells. An aggregate of BMP-4-transfected COS cells (yellow) mixed with
b-gal-transfected ones (white) abolished a somite marker, Pax 3, when implanted into the somitic region (A). In contrast, a mixture of
BMP-4- and Noggin-transfected (blue) cells restored Pax 3 expression (B). Thus, Noggin neutralized BMP-4 activity. The photographs are of
lateral view with anterior to the left. The anterior region including the forelimb was eliminated.
Noggin-expressing area posterior to Hensen’s node (HN). At the levels of C-1 to C-4 transverse histological sections are made and shown
below. (D) Expression of BMP-4 mRNA at stage 8. The bracket covers the same region as in C (Noggin-positive). At the levels of D-1 to D-4
transverse histological sections are made and shown below. A representative expression pattern of Noggin and BMP-4 mRNAs at the level
of C-3/D-3 is demonstrated in the right diagram. (E) Noggin expression at stage 14 (20 somites). Noggin mRNA is detected in the lateral
border of the segmental plate (arrowheads), and in the lateral and the medial portion of a young (two arrows) and an old somite (single
arrow), respectively. (C–E) Dorsal view with anterior to the top of the photographs.
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been determined at stage 8 in chicken. The Wolffian duct,
normally localized between the somite and the lateral
plate, was observed lateral to the ectopic somites (3 of 4),
using Pax 2 (Fig. 4C) and cSim 1 (Figs. 5C and 5D) as
markers of this tissue. Markers for the lateral plate,
BMP-4 (n 5 7) and cytokeratin (n 5 5) (Tonegawa et al.,
1997), were expressed in the lateral plate except for the
region where surplus somites formed (not shown). These
observations together with the lack of ectopic formation
of the notochord suggest that Nog/COS did not produce a
secondary axis and specifically affected the paraxial me-
soderm.
Noggin-Affected Somites Had No M–L Polarity but
Acquired It Following Noggin Elimination
The segmented somite is normally polarized along the
M–L axis as revealed by MyoD and cSim 1 for the medial
and the lateral component, respectively (Fig. 5, top dia-
gram) (Pourquie et al., 1996; Tonegawa et al., 1997).
Noggin-induced somites as well as the normal ones that
were positioned in the vicinity of Nog/COS failed to
express cSim 1 (n 5 23) (Figs. 5C and 5D), but instead
MyoD expression in these somites extended more later-
ally compared to the control side (n 5 4) (Figs. 5A and 5B).
FIG. 4. Effects of Noggin examined by several molecular markers. (A–C) Dorsal view of an embryo hybridized in situ for Paraxis (somitic
mesoderm) (A), Sox 2 (neural tissue) (B), Pax 2 (Wolffian duct) (C) after Nog/COS implantation. An arrowhead shows surplus somites. (D,
E) Pax 1 expression with a dorsal view (D) and in a histological section (E) at the indicated level in (D). 1° and 2° demonstrate a normal and
an ectopic somite, respectively. Despite the surplus formation of the somites, Pax 1 expression was not grossly affected. Anterior is to the
top (A–D) of the photograph. An asterisk indicates the position of the Nog/COS.
FIG. 3. Effects of ectopic Noggin on somitogenesis. (A) A diagram showing an implantation of Noggin-producing cells into the
presumptive lateral plate region at stage 8. (B) Supernumerary segmented somites (bracket) were formed by the effect of Noggin.
Somitogenesis was detected by Pax 3 expression. ot, otic vesicle. This sample displayed a coordinated segmentation of the ectopic somites
with the primary somites. (C, D) Respecification of the lateral plate to the somites. The cells at the Nog/COS-implantation site were labeled
by quail cells. A fixed embryo was double-stained for Paraxis expression and Feulgen. A transverse histological section revealed that surplus
somites were segmented mediolaterally (C). (D) A high magnification of the rectangle in C shows that the quail-labeled cells (arrowheads)
that were originally lateral plate precursors were respecified to the somitic cells by Noggin. (E, F) Control experiment. When the same site
was labeled by quail cells and nontransfected COS cells were implanted, the quail cells were localized solely in the lateral plate region as
was already shown by the fate map. (G) A summary is diagrammatically depicted. Black dots represent the quail cells that were originally
lateral plate precursors. These cells were respecified to the somite by the effect of Noggin. Implanted COS cells were often localized
posterior to the surplus somites (see text).
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FIG. 5. Noggin-affected somites showed the medial characteristics but acquired the correct M–L polarity after Nog/COS was eliminated.
The top panel diagrammatically summarizes the normal expression pattern of Myo D and cSim 1 in the medial and the lateral somite,
respectively. (A–D) Embryos that retained Nog/COS until they were fixed. Noggin-affected somites (bracket) including primary and surplus
ones showed expression of MyoD more laterally than the control side (A, B), but they did not express cSim 1 (C, D). cSim 1 signal localized
lateral to the somites in C was in the mesonephric tissue and not in the somites. (E, F) Elimination of Nog/COS 21 h after the implantation
(bottom diagram) restored cSim 1 expression in the lateral somite. (B, D, F) A 50-mm transverse section at the position indicated in the
respective photographs. Asterisk indicates an implanted Nog/COS. An arrowhead shows a dorsal midline of the embryo.
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This indicates that these affected somites had the char-
acter of the medial somite. This was presumably because
BMP-4 was titrated by persistent Noggin below the level
requisite for the lateral somite. Given the previous ob-
servations that differential levels of BMP-4 confer the
M–L polarization of the somites (Pourquie et al., 1996;
Tonegawa et al., 1997), a subsequent supply of BMP-4
activity may polarize the Noggin-affected somites. To
test this possibility, we eliminated a Nog/COS aggregate
from an operated embryo about 21 h after the implanta-
tion, at which time the surplus somites were morpho-
logically recognized, and allowed the embryo to develop
for further 6 h (Fig. 5, bottom diagram). This manipula-
tion was anticipated to allow BMP-4 that emanates from
the lateral plate to act in the Noggin-affected somites. As
expected, we observed a generation of the cSim 1 expres-
sion in the lateral portion of the originally Noggin-
affected somites, either those normally positioned or
surplus (7 of 8) (Figs. 5E and 5F). We also replaced
Nog/COS by BMP-4/COS to completely eliminate Nog-
gin activity, and observed virtually the same pattern of
cSim 1 as Nog/COS elimination (15 of 15; not shown).
These data indicate that the medial characteristics dis-
played by the ectopic somites were due to the persistent
effects of Noggin and also that these somites could
accomplish the correct M–L polarization when exposed
to the lateralizing signals, most likely BMP-4 (Pourquie
et al., 1996; Tonegawa et al., 1997). Thus, Noggin derives
the nonpolarized somites from the primitive paraxial
mesoderm, and subsequently BMP-4 emanating from the
lateral plate establishes the lateral somite by dominating
the action of Noggin.
DISCUSSION
The somites and the lateral plate are derived from the
precursor cell populations that are originally contiguous
to each other. We have demonstrated that these subtypes
are interchangeable depending on the levels of BMP-4 and
Noggin. Nevertheless, a sharp boundary is produced
between the somites and the lateral plate after they have
formed. Recent demonstrations using Xenopus embryos
have suggested that counteractions of a morphogen by its
antagonist result in a steep and localized reduction of the
morphogen activity, leading to an abrupt change in
morphogenesis (Hemmati-Brivanlou et al., 1994; Leyns et
al., 1997; Piccolo et al., 1996; Wang et al., 1997; Zimmer-
man et al., 1996). Our data strongly suggest that Noggin,
expressed in the presumptive somite, antagonizes BMP-4
that would otherwise lateralize this tissue (Tonegawa et
al., 1997), and this counteraction generates an abrupt
reduction of the active level of BMP-4, leading to the
differentiation of the somites from the lateral plate with
a sharp boundary.
We propose a model for progressive subdivision of the
paraxial mesoderm along the M–L axis during normal
embryogenesis as shown in Fig. 6. First, the activity of
BMP-4, effective in a wide area of the primitive paraxial
mesoderm (step 1), is eliminated by the antagonizing
action of Noggin in the presumptive somitic region (step
2), and this abrupt reduction of BMP-4 leads to the
specification of the somite with a boundary between the
lateral plate and the somite (step 3). Subsequently, the
somite acquires the M–L polarity (step 4): the lateral
portion is established by BMP-4 that emanates from the
adjacent lateral plate (Pourquie et al., 1996; Tonegawa et
al., 1997), and the medial one by low (or no) BMP-4.
Expression pattern of BMP-4 mRNA at the early stage
corresponding to step 1 implies that the BMP-4 activity
which is effective in the mesoderm emanates from the
ectoderm that widely expresses this signal molecule.
This is reminiscent of that observed for Drosophila in
which the ectoderm controls a subdivision of the under-
lying mesoderm by mediation of BMP-4 (Frasch, 1995).
This model also emphasizes a mechanism in which the
M–L polarity of the somite (step 4) is established after the
somitic region is specified by a low (or no) level of BMP-4
(step 3). This is based on our observation that Noggin-
induced somites displayed only the medial characteris-
tics, and we never detected surplus somites expressing
lateral somite identity unless Noggin was eliminated.
But, of course, these steps may take place almost simul-
taneously during normal development because the pre-
somitic mesoderm is always flanked by the lateral plate
once the two have been specified. It has recently been
reported that after the somites have been established
signals emanating from the neural tube upregulate Nog-
gin in the mediodorsal portion of the somites and this
results in suppression of the BMP-4 activity in the medial
somite (step 4) (Hirsinger et al., 1997; Marcelle et al.,
1997). Whether the notochord supplies Noggin to influ-
ence the somites remains to be studied.
We failed to produce Noggin-induced somites at stages later
than stage 8. This contrasts with the phenomenon that the
late somitic mesoderm can be redirected to the lateral plate
FIG. 6. A model for a progressive subdivision of the somite and the lateral plate from the primitive paraxial mesoderm along the M–L axis.
The M–L axis shown here is presumptive and resides along the A–P axis at early stages (see Fig. 1). Although BMP-4 activity which
influences the primitive paraxial mesoderm at step 1 might emanate from the overlying ectoderm (see text), this model does not show the
ectoderm to avoid complexity. The BMP-4 signal acting at step 4 is predicted to emanate from the lateral plate. Antagonizing action of
Noggin in the dorsomedial portion of the specified somites (step 4) has recently been demonstrated by Hirsinger et al. (1997) and Marcelle
et al. (1997). See text for other explanations.
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when exposed to a high level of BMP-4 (Tonegawa et al.,
1997). It seems, therefore, that the lateral plate is determined
as the lateral mesoderm earlier than the somite is as the
medial one. Interestingly, cNoggin mRNA is expressed for a
restricted time period in the lateral portion of the segmental
plate, implying that this Noggin acts as a barrier in titrating an
excess amount of BMP-4 emanating from the lateral plate,
which would otherwise transform the somite to the lateral
plate (Tonegawa et al., 1997). We have also been unable to
produce extra somites or expanded mesonephros by implant-
ing Noggin into regions more posterior to the graft site that
produced surplus somites. At present it is unclear whether it
is due to insufficient activity of Noggin to suppress a presum-
ably higher level of BMP-4 in these more lateral regions,
whether some unknown lateralizing (ventralizing) factors act
in these regions, or whether these tissues have been already
determined as a lateral mesoderm. Nevertheless, our observa-
tions are reminiscent of findings that Hensen’s node respeci-
fied the somite from the lateral plate only when Hensen’s
node was transplanted into a region in the vicinity of the host
axis but not into the lateral region of the blastoderm at stage
4 (Hornbruch et al., 1979), and these effects by Hensen’s node
are apparently attributed to the activity of Noggin.
Our observations are largely consistent with those for
Xenopus and fish embryos (Dosch et al., 1997; Neave et
al., 1997; Re’em-Kalma et al., 1995; Smith and Harland,
1992). The demonstrated role for Noggin is to reduce the
ventralizing activity of BMP-4 (Zimmerman et al., 1996),
thereby establishing the dorsal structure of the body. In
Xenopus and fish embryos, however, injected Noggin
mRNA affects not only the D–V axis but also the A–P one
(Smith and Harland, 1992), and hence it is often difficult
to specifically distinguish the effects of Noggin on the
mesodermal subdivision along the M–L axis. Neverthe-
less, we speculate that similar counteractions between
BMP-4 and Noggin are involved in somitic specification
in these animal species. An opposing action between
these molecules has also been reported for the neural
formation in Xenopus (Hemmati-Brivanlou and Melton,
1997; Wilson and Hemmati-Brivanlou, 1997). Chordin, a
molecule that was discovered in Xenopus, is known to
play a similar role to Noggin (Piccolo et al., 1996; Sasai et
al., 1994). Whether Chordin affects somitogenesis in
chicken awaits further investigation.
Interchangeable specification of the mesodermal sub-
types in the chicken paraxial mesoderm was also reported
for earlier stages than those we examined (Garcia-
Martinez and Schoenwolf, 1992). When the presumptive
somite was transplanted into the lateral plate-fated
region at stage 4, the former was respecified to the lat-
eral plate mesoderm. At this stage BMP-4 mRNA is
expressed in a wide area except Hensen’s node and
presumptive somite (Watanabe and LeDouarin, 1996;
also unpublished data of Y.T. and A.T.). It is, therefore,
likely that the somite-to-lateral plate respecification
was caused by the lateralizing effect of BMP-4 (Pourquie
et al., 1996; Tonegawa et al., 1997). Conversely, the
lateral plate-fated tissue was redirected to the somite
when transplanted into the latter region (Garcia-
Martinez and Schoenwolf, 1992), and this seems to be
attributed to Noggin expressed in the organizer region
(Connolly et al., 1997).
We often observed that at the time point of analysis
the implanted Noggin/COS aggregate was located
slightly posterior to the supernumerary somites and
never anterior to them. These phenomena seem to reflect
the time period during which the primitive mesoderm is
specified as a somite. It is conceivable that the originally
lateral plate-fated cells that start their migration earlier
from the primitive streak are more competent to be
affected by Noggin, whereas late-migrating cells are less
competent.
In this study, Noggin-affected somites were often di-
vided into spherical pieces along the M–L axis. This
contrasts with the phenomenon observed for zebrafish
mutants like trilobite (Solnica-Krezel et al., 1996), in
which the dorsalized mesoderm as the somite is simply
elongated laterally. These differences might reflect dis-
tinct mechanisms in somitic segmentation between
chicken and fish: in the former the anterior end of the
contiguous segmental plate generates a segmented
somite of an epithelialized spherical ball, whereas such a
spherical morphology is not present in the latter species
(Hamilton, 1969). We are currently investigating the
consequence of the surplus formation of the spherical
somites in later morphogenesis.
Finally, an opposing activity between a morphogen and
its antagonist has also been reported for several distinct
morphogens and morphogenetic processes. Wnt signaling
is directly antagonized by frzb, a secreted protein (Leyns
et al., 1997; Wang et al., 1997), and activin is neutralized
by follistatin (Hemmati-Brivanlou et al., 1994). These
counteracting activities against a morphogen, in addition
to indirect opposing actions between signal molecules
through their own receptors, seem to be essential in
differentiating distinct morphology during developmen-
tal processes.
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